Objectives -To assess the effect of urban deprivation on childhood growth in a modern British society by analysing data from a regional growth survey, the Tayside growth study. Setting -The Tayside Region in Scotland, which has three districts with distinct socioeconomic status: Dundee (D, urban city), Angus (A, rural), and Perth (P, rural and county town). Subjects and methods -Height and weight of 23 046 children (>90% of the regional childhood population) were measured as part of a child health surveillance programme, by community health care workers at 3, S, 7, 9, 11, and 14 years. Height standard deviation score (calculated against Tanner) and body mass index (BMI-weight (kg)lheight (m)') were calculated for each child by a central computer program; mean height standard deviation score and BM! standard deviation . score were calculated for each measuring centre (school, health clinic). A deprivation score for each centre was calculated from the prevalence of single parent families; families with more than three children; unemployment rate; the number of social class V individuals; the percentage of council houses.
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Objectives -To assess the effect of urban deprivation on childhood growth in a modern British society by analysing data from a regional growth survey, the Tayside growth study. Setting -The Tayside Region in Scotland, which has three districts with distinct socioeconomic status: Dundee (D, urban city), Angus (A, rural), and Perth (P, rural and county town). Subjects and methods -Height and weight of 23 046 children (>90% of the regional childhood population) were measured as part of a child health surveillance programme, by community health care workers at 3, S, 7, 9, 11, and 14 years. Height standard deviation score (calculated against Tanner) and body mass index (BMI-weight (kg)lheight (m)') were calculated for each child by a central computer program; mean height standard deviation score and BM! standard deviation . score were calculated for each measuring centre (school, health clinic). A deprivation score for each centre was calculated from the prevalence of single parent families; families with more than three children; unemployment rate; the number of social class V individuals; the percentage of council houses. Results -Mean height standard deviation score for Tayside was 0·11. An intraregional difference was demonstrated: mean height standard deviation score (SD) D=0'04 (1'0); A=0'14 (1'1); P=0·21 (1'1); P<0·002. There was a positive association between short stature and increasing social deprivation seen throughout Tayside (P<O'OS), with a strong association in Dundee primary school children (r = 0'6; P<O·OOI). Analysis by district showed that the association was significant only above the age ofS (P<0·004). There was no relation between BMI and social deprivation. Conclusions -In an industrialised developed society, urban deprivation appears to influence height mostly in late childhood, and this association should be taken into consideration in the clinical management of short stature. Height seems to be a better physical indicator of urban deprivation, and hence an index of childhood health, than BM!. Growth in childhood has long been recognised to be compromised in developing countries, with malnutrition and chronic infection ap-pearing to be the main causative factor.':" Historical evidence suggests that this phenomenon has been present in the past in the United Kingdom." Recently, several studies have looked at the association between social factors and the height of children in the United Kingdom. Rona et al in 1978 noted a significant relation between the number of siblings, the father's social class, and the height of Scottish children"; the greatest difference in height was between children of the employed and unemployed in social class V, the shortest children being in the latter group. Smith et al, again using data from the national study of health and growth, noted that the association between height attained and social factors of deprivation for 5-10 year old children was established before the age of 5 and did not alter appreciably during the primary school years." Further analysis of the national study of health and growth in 1987 and 1988 was designed to identify environmental characteristics that were independently associated with height, and concluded that environmental attributes are weakly associated with height after allowing for biological factors.'
Psychosocial short stature is a well recognised problem.B This, however, points to severe psychological trauma (sexual or physical abuse, or both; severe emotional deprivation; neglect; starvation) as the underlying cause of growth failure. Less well appreciated, and indeed not considered usually in specialist growth clinics, is the effect that poverty may have on an individual's stature. Surprisingly, poverty is not mentioned in the common tests outlining the underlying cause of short stature in the developed world, though it is likely that poverty exerts a similar effect on growth in industrialised societies as in the developing world.
The measurement of physical growth is an integral part of community health surveillance in the United Kingdom. Increasingly, health outcome measures are required for auditing the delivery of health services, and the collection of height and weight data from a total population sample would be invaluable in this process. Recently, a more minimalist approach to growth surveillance has been suggested by Hall. 9 While accepting that measurements of individuals are important, he has pointed out that little benefit appears to exist with frequent measurement of height applied across a population after the age of 5 or weight after I year.
To establish the extent of the growth problems in our health region (Tayside) we established in 1989 the Tayside growth study. All height and weight measurements made in the community by primary health care workers were copied to a central database and processed by a specifically designed computer program.
We could, therefore, determine the prevalence of abnormal stature and the degree of obesity in a distinct health region. Using these data, we investigated the effect of urban deprivation on growth in a region of the United Kingdom in the 1990s.
Subjects and methods
A total of 26 700 Tayside children aged approximately 3, 5, 7, 9, 11, and 14 years were eligible for the study from a total Tayside childhood population aged under 16 of about 46000. Parents and guardians of these children were sent a letter explaining the aims of the study and requesting permission to store and analyse by computer the growth data received from primary health care workers (school nurses, health visitors, clinical medical officers, and general practitioners). Ethical approval for the study was granted by the Tayside committee on medical ethics. All data were subject to the Data Protection Act.
Tayside, with a total population of 400 000, is divided into three districts which have distinct sociodemographic features: Dundee (D) an industrial city, densely populated with areas of severe urban deprivation; Angus (A) a mixed industrial and farming area with some urban deprivation; Perthshire (P) a rural, wealthy farming and county town area with minimal urban deprivation.
Data were collected between August 1989 and July 1990. The 3, 5, and 14 year olds were measured as part of a statutory medical screening examination by their general practitioner, clinical medical officer, health visitor, or school nurse. The intermediate age groups (7, 9, and 11) were measured by the school nurses or clinical medical officers when out of class for other health surveillance reasons. The height and weight of each child measured were noted on a class list, already complete with their name and date of birth. By dovetailing the new measurements with the existing school health service it was possible to minimise the workload for the primary health care workers and improve the quality of the data. A total of 228 schools, 82 screening clinics, and more than 100 community staff took part in the Tayside growth study. However, 75% of the study sample were measured by 26 school nurses.
Measuring equipment and techniques were standardised for the region. Schools and clinics installed portable stadiometers (Microtoise, Raven Minimetre) correct to ±0'5 cm. Inservice training was provided for community staff throughout the region by instruction in a standard method.'? This service was ongoing for the benefit of new staff and also to maintain the standard of measurement. The accuracy of measurement was validated by comparing the community measurements with those of a single auxologist (EW) using an accurate portable stadiometer, developed in the department of medical physics, Ninewells Hospital. Data sheets from the primary health workers were sent in pre-addressed envelopes for entry into the central computer database. Incomplete 141 sheets were returned for correction. Initial meetings were held with the primary health workers to discuss the aims of the study, and interim feedback reports and update meetings maintained interest in the study, in an attempt to keep up the high rate of return of data.
The height, weight, sex, date of birth, 'and date of screening were entered into the specifically designed computer package, running on a personal computer. These data were referenced against age banded cross sectional data from Tanner and Whitehouse. 11 The program automatically calculated for each child the following: decimal age at time of measurement; height standard deviation score (= child's height -expected mean height for a child of that age/SD of height for that age), height centile, weight centile, and body mass index (BM! = wtfkgj/htfm)"). The program identified those children outwith the 3rd and 97th centile for height and weight allowing analysis of all records obtained in one measuring centre, area, or whole of the region. Subsequently, the data were analysed further for separate age bands.
A map of Tayside Region was constructed based on postal codes. A social deprivation score was calculated using data from the 1991 census. The degree of prevalence of the following factors within each postal code sector was assessed: single parent families, families with more than three children, unemployment, number of council houses, and people labelled as social class V.12 For each chosen social factor, a postal code sector was given a score 1-5 (low to high), representing the degree of prevalence. To create the base maps the social factors for each postal sector were summed, giving a possible value ranging from 5 (all variables = 1) to 25 (all variables = 5). A sector with a high degree of urban deprivation would approach the maximum score of 25. Each measuring centre was therefore given a score equating to the degree of surrounding urban deprivation.
STATISTICAL ANALYSIS
Comparisons were made between the numbers with children of short stature (height <3rd centile, height standard deviation score < -2) and the degree of fatness (BM!) with the degree of urban deprivation in each postal code sector and measuring centre. Each district (D, A, and P) was compared against each other and each district analysed separately. The data were tested for statistical significance using the ' "I: test, with associations by linear regression.
Results

VALIDATION
When the difference between the measurements of the primary health workers and the auxologist were compared, no significant bias was obvious and the SD of the difference was found to be 0·5 em, This means that 95% of measurements made by observers in the community fall within ± 1 ern of the auxologist's measurement. was over weight and did not wish attention drawn to this condition. The return rate was similar for each of the three districts for school age children but not for 3 year old children (table 1) . The total number of children with a height less than the third centile was 558 (2'4%). Mean height standard deviation score for the whole region was 0·11. An intraregional difference was found: mean height standard deviation score (SD) D=0·04 (1'0), A=0·14 (1'1), P=0·21 (1'1); P<0·002 (table 2). The number of short children was divided into age bands and the rate per thousand for each district was calculated. The difference in the prevalence of short stature between areas was statistically significant for the age group older than 8 years (P<0'004) (table 3, fig 1) .
Body mass index was calculated for each child and converted to a standard deviation score according to the method of Cole. 13 14 No statistical differences were found in BMI between the districts. The mean height standard deviation score for each measuring centre was calculated. The observed range of the mean height standard deviation score was -1,41 to 2'08. Two values, however, lay far outside this range: a school for physically handicapped children and a small rural school, where four of the total of six children in the school exceeded the 90th centile for height. The corrected range in height standard deviation score was from -0·433 to 1'08. Visual analysis of the maps showed a clustering of centres with low mean height standard deviation scores in areas of high social deprivation. Over the whole of Tayside the distribution of the mean height standard deviation score was found to correlate significantly with the social score of the postal code sector of the appropriate measuring centre; short stature positively associated with a high social de- that the differing social conditions accounted for the effect on growth. The major effect of social deprivation, however, seems to be the development ofshort stature in later childhood. The effect of poverty and malnutrition on growth (height and weight) is seen commonly in the developing world and is the subject of much investigation and large scale intervention programmes. 17 Historically it has been accepted that similar effects of poverty were evident in Britain in the 19th and early part of the 20th century. Our data confirm that this effect is still seen in modern Britain. Although it is accepted that the dimensional effect on stature is less than in developing countries, the degree of difference (Dundee to Perth 1· 1% more children with short stature) will have a major impact on the number of children detected in a growth screening programme. This will be exacerbated by the introduction of the new United Kingdom growth standards (Freeman J, et al, personal data 1995), shifting the Tanner 10th centile to the new 3rd centile. We believe that the effect of urban deprivation is rarely taken into consideration when devising criteria for growth screening programmes or in influencing growth specialists in the investigation or treatment of short stature.
Our observation that the prevalence of short stature increases dramatically in older children from more deprived backgrounds suggests that urban deprivation produces constitutional delay of growth and puberty. This "constitutional delay" may have a permanent effect. Data from a concurrent study in Tayside suggest a persisting effect on final adult height in relation to social class: adult men and women showed a 2·5% increase between social class IV to I in final adult height (P = 0'005) (Wilson A, personal data, 1995).
In developing countries malnutrition is the apparent major influence on childhood height, even when this occurs in infancy." Our observation that BMI is not affected by urban deprivation suggests that in modern Britain stunting is not caused by a reduced total daily energy intake. Whether it is other "stresses" that accompany urban deprivation (poor housing, heating, depression, inactivity) or other specific nutrition deficiencies (low protein, high simple sugar and saturated fats, abnormal vitamin intake or mineral imbalance) remains to be investigated.
As well as identifying the individual child with a growth problem, a growth screening programme identifies districts within a region where living conditions are severe enough to affect childhood growth. The measurement of height, rather than weight or BMI, in modern Britain is an objective biophysical index of childhood health. 
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Discussion
We have established a system for growth screening in a health region, which has produced in school children a return rate of91 %, and which gave information about height and weight distribution within this region. The small number of children (0'16%) not wishing to take part was insignificant. The poor rate of return from the screening of 3 year old children was disappointing, but this age group required the participation of over 100 general practitioners, clinical medical officers, health visitors, and school nurses. The auxologist was unable to maintain the same contact with this group that she developed with the school nurses. With the continuation of the Tayside growth study further training and instruction has been invested in the staff connected with the younger age group. With such training improved data collection has been achieved. Overall, there is close agreement between the community measurements and those of a single auxologist on a similar scale as that shown in other growth studies (± 1 ern)." The prevalence of short children «3rd centile, Tanner) in Tayside rose from 1·1 % at the age of 3 to 4·2% in the group older than 12. The overall prevalence of short stature for Tayside was 2·4% of children, which is considerably higher than that reported from other concurrent growth studies; the prevalence of children below the third centile in Wessex is 1'6%, though these data are limited to school entry (age around 5). 16 There are currently no data on the older child.
The three districts within Tayside have distinct social structures. Dundee district has several large areas of urban deprivation, whereas Perth district is based on a wealthy county town. Comparison of the mean height standard deviation scores within these districts showed a significant difference, the assumption being 
